A total of 1,054 strains was allocated to species of the genera Mycobacterium, Nocardia, and Gordona (the rhodochrous group) on the basis of 88 characters, and hypothetical median organisms (HMOs) were derived for each species. Numerical analysis was carried out, treating these HMOs as operational taxonomic units. The dendrogram obtained showed that strains received as members of the rhodochrous group, including "Mycobacterium" rhodochrous, and strains named previously by the present author as Gordona, constituted a taxon comparable to the genus Nocardia. The analysis showed two separable groups at a 70% M value (matching coefficient) level. One consisted of slowly growing mycobacteria (Mycobacterium subgenus Mycobacterium Tsukamura) and the second consisted of rapidly growing mycobacteria (Mycobacterium subgenus Mycomycobacterium Tsukamura), the genus Gordona (including the rhodochrous group) and Nocardia . Diagrammatic representation of the taxonomic relationships by taxonomic &stances showed the same result. Four taxa, which might be regarded as separate genera, separated at higher M values. These included the slowly growing mycobacteria, the rapidly growing mycobacteria, the genus Gordona (rhodochrous group), and the genus Nocardia, respectively. The slowly growing mycobacteria seem to be only distantly related to the other three, which bear a close relationship with each other.
Gordon and Mihm (5) named some strains received as nocardiae "Mycobacterium" rhodochrous. Later, Gordon (4) regarded this taxon as an intermediate between the genera Mycobacteriurn and Nocardia. Tsukamura (16) isolated a number of slightly acid-fast organisms from sputa of patients with lung disease and from soil and classified them into three species of a new genus, Gordona. Thereafter, strains received as M . rhodochrous were shown to belong to the same genus, and the majority of the strains received were identified as belonging to the species Gordona rhodochroa of this genus (17). Independently of these studies, Goodfellow (2) and Goodfellow et al. (3) reported that strains of M . rhodochrous could be differentiated from nocardiae and rapidly growing mycobacteria, respectively.
Previously, studies on the relationships between rapidly growing mycobacteria, Gordona (rhodochrous group), and Nocardia were carried out by Tsukamura (15, 16, 18) . However, he did not consider the slowly growing mycobacteria. The present study is concerned with the relationships between Mycobacterium, including slowly growing mycobacteria, the rhodochrous group, and Nocardia.
MATERIALS AND METHODS
A total of 1,054 strains of Mycobacterium, the rhodochrous group, and Nocardia was allocated to species by comparing their characters with those of reference strains (14).
The characters tested are listed in Table 1 . Most of the methods used were described previously (11-14, 16, 20). Amidase activity, catalase activity, Tween hydrolysis activity, esterase activity, P-galactosidase activity, and acid phosphatase activity were tested by the methods of Bonicke (l), Kubica et The species identified are listed in Table 2 .
In employing numerical methods to compare the species, comparisons were made between hypothetical median organisms (HMOs), one HMO first being derived, using the method of Liston et al. (9), for each species by analysis of the characters of the strains which had been allocated to it.
Matching coefficients ( M values) were calculated by the following equation: M value = [n,/(n, + nd)l
x loo%, where n, is the number of characters which show similar code symbols ( + + or --1 and nd is Relationships between the taxa were estimated by taxonomic distance (10) . The taxonomic distance ( d ) was expressed by the following equation: d = (100 -xYx, where x is a mean M value (%I between the taxa. The dimension of a taxon was expressed by a sphere or circle, the radius ( r ) of which was calculated by the following equation: r = (100 -y)/y, wherey is a mean M value (5%) within a taxon. (Fig. 1) . The species of the genus Nocardia formed a cluster a t the 84% Growth at 45 C Growth at 52 C Glucose (C source) level, and the species of Gordona formed a cluster a t the 85% level. The cluster of Gordona was linked with several rapidly growing mycobacteria, M . aichiense, M . chubuense, M . tokaiense, M . aurum, M . neoaurum, M . parafortuiturn, M . rhodesiae, and M . obuense, at the 85% level. These rapidly growing mycobacteria are scotochromogenic.
RESULTS

Dendrogram. A dendrogram was prepared by comparing the HMOs
Rapidly growing mycobacteria ( Table 2) were placed in dispersed positions. Slowly growing mycobacteria (Table 2) than the Gordona organisms from the nocardiae, etc.
Nocardia ru bra was not incorporated into the cluster of Nocardia but into the cluster of Gordona. Though this organism shows fragmenting (temporary) mycelium, and in this point differs from other hitherto described Gordona organisms, it is elsewhere proposed that it be transferred to the genus Gordona (21). HMOs is shown in Fig. 2 . It reflects the relationships noted from the dendrogram and dramatically emphasizes the isolation of the M . bouis, M . tuberculosis cluster from all other groups even at the 7 0 4 level. Taxonomic distances. Taxonomic distances between slowly growing mycobacteria (Mycobacteriu m subgenus Mycobacteriu m ) , rapidly growing mycobacteria (Mycobacterium subgenus Mycomycobacterium), genus Nocardia, and the rhodochrous group (genus Gordona) are shown in Fig. 3 .
The results confirm that slowly growing mycobacteria are distinctly separate from the other three taxa: rapidly growing mycobacteria, Gordona, and Nocardia. The latter three taxa are near each other. The characters useful for distinguishing these taxa are shown in Table 3.
DISCUSSION
Previously, Tsukamura (12) proposed that the genus Mycobacterium be divided into two subgenera, Mycobacterium and Mycomycobacterium . These subgenera corresponded approximately to slowly growing mycobacteria and rapidly growing mycobacteria, respectively. The subgenera were separated from each other not only by growth rate but also by several other characters (11, 12, 15) .
In the present study, it was confirmed that slowly growing mycobacteria distinctly differ from rapidly growing mycobacteria. Rapidly growing mycobacteria appeared to be similar to Gordona and Nocardia.
The taxonomic status of Gordona is considered to be equivalent to that of Noctzrdia. The recognition of two subgenera of the genus Mycobacterium is also strengthened by the data shown in the present study. Should the subgenus Mycomycobacterium Tsulramura be raised to the status of a genus, M . ph.lei may be appropriate as the type species. Previously, Tsukamura (15) proposed M . smegmatis as the type species of the subgenus Mycomycobacterium .
In light of the results of the present study, however, M . smegmatis seems inappropriate as the type species. Some slight changes in the affinities between taxa are seen in the present study in contrast to the data of previous studies. These are probably due to difference in the characters used for study. In the present study, the number of enzyme tests was increased and the number of tests belonging to the same kind was decreased. For example, previously, 10 tests on acid formation from various carbohydrates were used, but only two tests (acid from glucose and acid from mannose) were used in the present study. Previously, 11 tests on the utilization of,nitrogen compounds were used, whereas only 4 tests were used in the present study. Furthermore, a few tests which in the past gave relatively large experimental errors were omitted. These modifications of the set of characters were undertaken with the expected result of a sharper separation between taxa.
It may be surprising that M . smegmatis has shown such a low affinity to other taxa containing mycobacteria. However, the same finding had been obtained previously in our study (laboratory HI, which was included in the cooperative study of the International Working Group on Mycobacterial Taxonomy (7). It is believed that the greater the number of characters which are effective for separation between strains (or taxa), the sharper will be the separation. M . smegmatis is believed to have been distinguished from others in the present study by the presence of many characters effective for separation. The organism is believed to occupy a special position among mycobacteria.
In the present study, N . rubra was incorporated into the cluster of the Gordona organisms. In fact, mean M values of this organism to Gordona, Nocardia, rapidly growing mycobacteria, and slowly growing mycobacteria were 80.0 ? 4.3% (n = 51, 76.1 t 2.9% ( n = 4), 68.5 t 4.1% (n = 19), and 54.0 t 4.8% (n = 15), respectively, where n is the number of M values. The similarity to the genus Gordona was the highest. Gordon (rapidly growing mycobacteria) ; G , Gordona; N , Nocardia. The relationships between the taxa are shown by taxonomic distances, and extent of a taxon is expressed by the radius of a sphere. Nocardia rubra is incorporated into the genus Gordona as Gordona. 
